The betaproteobacterial genus Burkholderia comprises 85 species with validly published names at the time of writing [LPSN (www.bacterio.net), Sept. 2014] populating two major lineages and at least three smaller clades (Suárez-Moreno et al., 2012; Estrada-de los Santos et al., 2013; Martínez-Aguilar et al., 2013) . Across lineages, the genus includes plant, animal and human pathogens as well as non-pathogenic species isolated mostly from plants and soils, but also from freshwater sediment and an industrial wastewater treatment system. Clinical and environmental isolates, free-living and symbiotic lifestyles, plant-beneficial and plant-pathogenic functions can even occur within the same species (Vial et al., 2011; Peeters et al., 2013; Vandamme et al., 2013; Verstraete et al., 2014) . Many members of the genus show diazotrophy and degrade a variety of xenobiotic compounds (Coenye & Vandamme, 2003; Suárez-Moreno et al., 2012 ; Estrada-de los Santos et al., 2013) . Several species of the genus Burkholderia are remarkably tolerant of metals and metalloids (Estrada-de los Santos et al., 2011) , and genes encoding arsenite oxidase or arsenate reductase occur in 25 Burkholderia genomes [JGI-IMG (http://img.jgi.doe.gov/), NCBI-RefSeq (http:// www.ncbi.nlm.nih.gov/refseq/); Oct. 2013]. Non-pathogenic members of the genus are potentially relevant to agriculture and bioremediation.
In May 2005, short (~30 cm) sediment cores were collected by scuba divers at 30 m distance from a hydrothermal vent in Tutum Bay (04u 059 S 153u 339 E), Ambitle Island, Papua New Guinea. This arsenic-rich hydrothermal area at 5-10 m water depth has been described extensively as to its geochemistry (Pichler et al., 1999; Price et al., 2007) , energy sources (Akerman et al., 2011) and microbial community composition (Meyer-Dombard et al., 2012 . The liquid growth medium PNG-AR2 was custom-designed to resemble resources and conditions at the sampling site, while adding a complex carbon source and leaving out all electron acceptors except for arsenate and small amounts of oxygen. The composition of this medium is given in Table S1 (available in the online Supplementary Material). Batches of PNG-AR2 were inoculated with homogenized sediment slurries from the top 10 cm of the core and incubated at 30 u C. Cultures were transferred at irregular intervals, reducing diversity by dilution and by repeated streaking on PNG-AR2 agar, until an isolate was obtained. The novel strain was designated PNG-April T and is the only strain of its species.
DNA of strain PNG-April T was extracted from a pure culture in liquid medium PNG-AR2, and three overlapping segments of the 16S rRNA gene were amplified by PCR; information on the PCR primers is compiled in Table S2 . Both strands were sequenced and assembled to a nearly complete sequence of 1414 bp. Using the EzTaxon-e server (Kim et al., 2012) , strain PNG-April T was identified as a member of the genus Burkholderia, sharing highest 16S rRNA gene sequence similarity with the type strains of Burkholderia fungorum (99.8 %), Burkholderia phytofirmans (98.8 %), Burkholderia caledonica (98.4 %) and Burkholderia sediminicola (98.4 %). Nearly complete 16S rRNA gene sequences of the novel isolate and related type strains within species of the genus Burkholderia were aligned using CLUSTAL W 2.0 (Larkin et al., 2007) , before applying the maximumlikelihood algorithm of PhyML 3.0 (Guindon et al., 2010) with bootstrap resampling (500 replicates). The resulting phylogenetic tree is shown in Fig. 1 .
Growth of strain PNG-April
T was supported by the complex media PNG-AR2 (Table S1 ), R-2A (Reasoner & Geldreich, 1985) and tryptic soy (TS) broth or agar, nutrient agar, MacConkey agar and marine broth (Difco; diluted to 50 % or 75 %), as well as the defined media MSB (Stanier et al., 1966) and B-litho (custom-designed, Table  S3 ). On R-2A agar, the isolate formed smooth, off-white to cream colonies. Cells of strain PNG-April T were straight rods of 2-3 mm length and 1 mm width, were motile by polar flagella, stained Gram-negative and showed no spore formation even at 40 u C.
Chemotaxonomic characterization of the novel isolate included analyses of membrane lipids, respiratory quinones and polar lipids. After growth on TS agar, the fatty acid composition of cellular lipids was quantified by GC analysis of their methyl esters, using the Sherlock Microbial ID system (MIDI). Results obtained with strain PNG-April T , in comparison with published data from closely related species of the genus Burkholderia grown on TS medium, are shown in Table 1 . The similarity of these fatty acid profiles supports placement of the novel isolate within the genus Burkholderia, while specific differences in several fatty acids dissuade from membership in any of the existing species.
From aerobic cultures in R-2A broth, cells were harvested and freeze-dried, before quinones were extracted and separated by TLC and subsequent HPLC (Tindall, 1990a, b) . Measurements of UV absorption detected ubiquinones Q-8 (92 %) and Q-7 (8 %). Polar lipids were extracted from freeze-dried cells (Bligh & Dyer, 1959) , separated by twodimensional TLC and stained to visualize specific functional groups (Tindall et al., 2007) . In strain PNG-April T , four phospholipids, two aminophospholipids, one glycolipid, phosphatidylglycerol and phosphatidylethanolamine were detected (Fig. S1 ). 
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Pandoraea apista LMG 16407 T (AF139173) Triplicate growth curves of strain PNG-April T in oxic R-2A broth were used to determine the optima and tolerance limits towards temperature (4-48 u C), pH (2-9), salt (0-3.6 %), arsenate (As V ) and arsenite (As III ). The nonmanipulated variables in each experiment were T532 u C, pH 7, no NaCl, no As V and no As III . Strain PNG-April T showed growth between 4 u C and 40 u C, with a broad optimum of 30-37 u C. In citrate-, MES-, Trizma-and PBSbuffered media, the isolate grew between pH 3.5 and pH 8.3, showing fastest growth at pH 5-6, and stayed viable at pH 3 for up to 5 weeks. Growth of its closest relative, B. fungorum DSM 17061 T , occurred between pH 3.5 and pH 8.5 and was fastest at pH 6-7. Strain PNGApril T showed salt tolerance of optimally 0-1.0 %, with a maximum of 2.7 % NaCl. The novel strain was able to grow in the presence of 0.5 mM As V or As III , with the growth rate slightly decreasing with increasing As concentration; concentrations above 0.5 mM were not tested. When grown in microoxic medium PNG-AR2, the isolate reduced~1.6 % of the As V provided to As III , indicating detoxifying rather than respiratory arsenate reduction. At the isolation site in Tutum Bay, typical conditions in the top 1 m of sediment were 32-41 u C, pH 6.1-6.2, 0.3-4.7 mM As V and ,0.1 mM As III (Price et al., 2007) . Pore waters represent a mixture between As-rich (13 mM) hydrothermal fluids of low salinity (~0.3 %) and local seawater containing 3.0 % (w/v) NaCl (Pichler et al., 1999; Price et al., 2007 Carbohydrates not used by any of the five species were sucrose, melibiose, turanose, D-tagatose, L-sorbose, melezitose, raffinose, starch, glycogen, dulcitol, erythritol, Nacetylglucosamine and inulin. Strain PNG-April T was also tested for growth in MSB (Stanier et al., 1966) and B-litho media with individual addition of acetate, succinate, citrate, malate and benzoic acid (20 mM each). The isolate showed aerobic growth on all of these substrates, whereas B-litho media amended with methanol or methylamine did not support growth. Oxidation/fermentation tests (Hugh & Leifson, 1953) showed oxidative metabolism of carbohydrates as specified in Table 2 .
In anoxic R-2A broth under N 2 headspace, strain PNGApril T showed no growth. Purple broth tests for fermentation of glucose, lactose and sucrose were negative. As in all known species of the genus Burkholderia, metabolism of the novel isolate was obligately respiratory. Anoxic R-2A or TS broth amended with nitrate (10 mM) supported growth, albeit slower than aerobic growth. No growth occurred with sulfate, thiosulfate, ferric iron or arsenate offered as electron acceptors. Nitrate reduction by strain PNG-April T was confirmed by a nitrate broth test with B. fungorum DSM 17061
T as a positive control and B. sediminicola DSM 21400 T as a negative control.
Lithoautotrophic metabolism was tested in oxic medium B-litho with addition of nitrite, sulfide, thiosulfate, sulfite or arsenite as electron donors (0.5 mM each). Weak growth of strain PNG-April T was observed with thiosulfate and nitrite, as confirmed by the formation of protein (0.4-0.6 mg l 21 and 0.1-0.3 mg l
21
, respectively). Lithoautotrophic growth on thiosulfate also occurred in the type strains of B. fungorum, B. phytofirmans, B. caledonica and B. sediminicola. Repeating the experiment in S-6 medium for thiobacilli (ATCC medium 290, containing 40 mM thiosulfate) confirmed these results. All thiosulfate-oxidizing cultures produced minor amounts of sulfate (,35 mM in B-litho, 0.9-1.8 mM in S-6 medium). In nitrite-oxidizing cultures of strain PNG-April T , mean nitrate production was 41 mM, while 132 mM nitrite were consumed. Growth with thiosulfate as an electron donor has been described previously for mixotrophic cultures of 'Burkholderia kururiensis subsp. thiooxydans' (Anandham et al., 2009 ) and a few Burkholderia strains isolated from soil (Jung et al., 2005; Anandham et al., 2008) and acid mine drainage (Bhowal & Chakraborty, 2011) . Nitrite oxidation has been demonstrated in one strain of Burkholderia cepacia; an indirect pathway via nitric oxide was suggested (Matsuzaka et al., 2003) . Genes for the catalysing enzymes occur in 15 species of the genus Burkholderia [NCBI-RefSeq (http://www.ncbi.nlm.nih.gov/ refseq/), Sept. 2014]. Nitrite oxidation may also happen as alternate reaction of certain catalases (Sakai et al., 2000) . Applying well-established testing procedures (MacFaddin, 1980; Weiner & Penha, 1990; Leboffe & Pierce, 2011) , strain PNG-April T was characterized as possessing catalase, oxidase, lipase/esterase and b-galactosidase. The enzymes b-glucosidase, urease, lysine decarboxylase, tryptophanase, DNase, gelatinase and amylase were not detected. A comparison with closely related species of the genus Burkholderia is provided in Table 2 . Strain PNG-April T differed from most of its nearest phylogenetic neighbours in four or more traits, and as one of the few described members of the genus Burkholderia that were not isolated from soil or phytosphere, it is also distinct by habitat.
Pure cultures of strain PNG-April T , B. fungorum DSM 17061 T and B. phytofirmans DSM 17436 T were grown in R-2A broth, before DNA was extracted and purified. DNA-DNA hybridization at 68 u C was determined spectrophotometrically in duplicate (De Ley et al., 1970; Huss et al., 1983) by the Identification Service of the LeibnizInstitut Deutsche Sammlung von Mikroorganismen und Zellkulturen (DSMZ; Braunschweig, Germany). Strain PNG-April T showed DNA-DNA relatedness duplicate Growth at/with: Applying the recommended threshold value of 70 % DNA-DNA hybridization (Wayne et al., 1987) , strain PNG-April T clearly belongs to a species different from its two closest relatives within the genus Burkholderia. The DNA base composition of the novel isolate was quantified by HPLC analysis of enzymically hydrolysed DNA (Cashion et al., 1977; Mesbah et al., 1989; Tamaoka & Komagata, 1984) and was carried out by the Identification Service of the DSMZ. The DNA G+C content of strain PNG-April T was 62.0 mol%, which is within the range of 61-69 mol% typically observed for members of the genus Burkholderia.
On the basis of data obtained in this study, strain PNGApril T represents a novel species of the genus Burkholderia, for which the name Burkholderia insulsa sp. nov. is proposed.
Description of Burkholderia insulsa sp. nov.
Burkholderia insulsa (in.sul9sa. L. fem. adj. insulsa unsalted, bland, boring; in reference to the unsurprising characteristics of the type strain).
Cells are motile, Gram-stain-negative, non-sporulating, straight rods (2-3 mm long, 1 mm wide). Colonies on R-2A agar are white to cream with a smooth edge. Grows at 4-40 u C (optimally at 30-37 u C), at pH 3.5-8.3 (optimum pH 5-6) and with salt concentrations of up to 2.7 % NaCl (optimum 0-1.0 %). Tolerates at least 0.5 mM As V or As Produces catalase, oxidase, lipase and b-galactosidase, but not b-glucosidase, urease, amylase, gelatinase, DNase, tryptophanase or lysine decarboxylase. The main respiratory quinones are ubiquinones Q-8 and Q-7. Predominant cellular fatty acids are summed feature 8 (cis-vaccenic acid, cis-12-oleic acid), summed feature 3 (cis-9-and cis-10-palmitoleic acid) and palmitic acid.
The type strain, PNG-April T (5DSM 28142 T 5LMG 28183 T ), was isolated from the upper sediments of an arsenic-rich shallow-sea hydrothermal area in Papua New Guinea. The DNA G+C content of the type strain is 62.0 mol%.
